Cells of the osmotolerant yeast Saccharomyces rouxii were transformed to protoplasts in good yield (85%) by digesting cell walls with snail-gut enzyme in the presence of 10 mM dithioerythritol, 0.1 M sodium phosphate buffer (pH 6.8), and 2.0 M KCl. The requirement for 2.0 M KCl compares with that for S. bisporus var. mellis (another osmotolerant species) and contrasts with the 0.3 to 0. Saccharoymces rouxii (Boutroux) is a yeast with notable tolerance to high concentrations of salts or sugars in growth media (11). The physiology of this species is also extraordinary for the genus in that there is a pronounced delay in the fermentation of sucrose or raffinose as opposed to glucose or fructose (13). This is due to the eventual appearance of enzymatic hydrolysis of the oligosaccharides in aged cultures (12) . The responsible enzyme is a ,B-fructofuranosidase (EC 3.2.1.26) (2). Stationary-phase cells of S. rouxii exhibit an unusual propensity for vesicles in the periplasmic space. These organelles have been called periplasmic bodies (3), and their presence or absence (older cells) has been circumstantially linked with this species' /8-fructofuranosidase, which is "cryptic" in young cells and "expressed" in aged cultures (2) . This is in contrast with the ,B-fructofuranosidase of S. cerevisiae, which is typical for the genus in that over 95% of the enzyme activity is expressed at all ages (1). "Expression" here refers to the enzyme being fully assayable in intact cells without recourse to prior membrane disruption (which is necessary in the assay of young cells of S. rouxii [2] 
Saccharoymces rouxii (Boutroux) is a yeast with notable tolerance to high concentrations of salts or sugars in growth media (11) . The physiology of this species is also extraordinary for the genus in that there is a pronounced delay in the fermentation of sucrose or raffinose as opposed to glucose or fructose (13) . This is due to the eventual appearance of enzymatic hydrolysis of the oligosaccharides in aged cultures (12) . The responsible enzyme is a ,B-fructofuranosidase (EC 3.2.1.26) (2) . Stationary-phase cells of S. rouxii exhibit an unusual propensity for vesicles in the periplasmic space. These organelles have been called periplasmic bodies (3) , and their presence or absence (older cells) has been circumstantially linked with this species' /8-fructofuranosidase, which is "cryptic" in young cells and "expressed" in aged cultures (2) . This is in contrast with the ,B-fructofuranosidase of S. cerevisiae, which is typical for the genus in that over 95% of the enzyme activity is expressed at all ages (1) . "Expression" here refers to the enzyme being fully assayable in intact cells without recourse to prior membrane disruption (which is necessary in the assay of young cells of S. rouxii [2] ).
Periplasmic bodies are either absent or very infrequent in published micrographs of S. cerevisiae. It has been suggested (3) that periplasmic bodies might be involved in the translocation of enzymes destined for the periplasmic space and that they are usually short-lived, except (6) . The yeast was routinely grown on yeast extract (0.3%, wt/vol), neopeptone (0.5%), and glucose (1%). Methods of culture and harvesting were generally as previously described (2) with the following exception. More uniform experimental material was obtained by using an inoculum (equivalent to 20 mg [dry weight] of yeast cells per 500 ml of medium) from a 24-h preculture. Growth was measured turbidimetrically (5). Reference to "starved cells" in the present work refers to washed preparations that were kept in distilled water ovemight at 4°C before protoplasting.
Generation ofprotoplasts. The following method was evolved to optimize the yield of protoplasts from S. rouxii. Variations therein are specifically noted in the text. A 10-ml sample (20% wet wt/vol) of fresh or starved cells was centrifuged briefly, and the pellet was resuspended in 10 ml of a solution containing 10 mM dithioerythritol, 0.1 M sodium phosphate buffer (pH 6.8), and 2.0 M potassium chloride (solution A). In another centrifuge tube, 1 ml of snail preparation was mixed with 1 ml of 4.0 M KCl and 8 ml of solution A. After 45 min at room temperature (23°C), both preparations were centrifuged at 20,200 x g for 10 min. The supernatant from the yeast tube was decanted to waste and replaced with the cleared snail preparation. Cells were suspended by vigorous Vortex stirring and transferred to a 25-ml conical flask. The were charged with 20 ml of a linear gradient, 35 to 17.5% (wt/vol) Ficoll in 2 M KCl, and stabilized at 4°C. The digestion mixture (5 ml) was layered on top of the gradient, and tubes were centrifuged at 4°C in a swinging-bucket rotor at 20,200 x g for 20 min. Protoplasts and spheroplasts banded towards the middie of the gradient; cell walls and whole cells migrated to the base of the tube; solubilized constituents remained with the brown snail-enzyme layer at the top. Fractions were harvested with Pasteur pipettes.
Preparation for electron microscopy. The primary fixative was 3% glutaraldehyde in 0.1 M y-collindine buffer (pH 6.8). Protoplasts were fixed in glutaraldehyde solution, which was fortified with 2 M KCI. Fixation was for 30 min at room temperature, followed by ovemight fixation at 4°C. Cells and protoplasts were postfixed with 1% osmium tetroxide (overnight at 4°C). The general procedures for embedment, sectioning, and transmission electron microscopy followed previous descriptions (3).
/3-Fructofuranosidase. Enzyme assays were as previously described (2) Electron microscopy. The ultrastructure of S. rouxii cells has already been described (3) . The hallmark of the species is its propensity for periplasmic bodies. Their demonstration after three different methods of fixation and under normal osmotic pressures (3) argues against an artifactual origin. The present examination of derivative structures is also by transmission electron microscopy and is based on analogous methodology.
Short (less than 90-min) incubations in standard digestion medium yielded mostly spheroplasts. Representative cross-sections are shown in Fig. 1 . For cells with immature buds the dissolution of wall material was more pronounced about the mother cell (Fig. 1A) . Several examples were observed in which the emergent protoplast had moved away from the remaining cell wall (Fig. 1B) and, in the pocket so formed, several periplasmic bodies appeared quite detached from the protoplasm.
In whole cells of S. rouxii, periplasmic bodies seem to be more prevalent in (but not restricted to) regions below the bud scars (3); many spheroplasts showed a similar feature (see for example Fig. 1B) . In samples that were postfixed with potassium permanganate (not shown here), results were similar, but in some instances delineation of internal membrane structures was better than that with osmium tetroxide.
Longer digestions (ca. 2 h) with snail enzyme provided mostly protoplasts (i.e., devoid of cell walls) as judged from observations on large numbers of sections. These preparations ( Fig. 2A ) also included isolated cell wall pieces and cellular debris, which could be removed for the most part by density gradient centrifugation. A representative example of material from the main band in a Ficoll gradient (see Materials and Methods) is shown in Fig. 2B . It is notable that periplasmic bodies were found in both crude and fractionated protoplast preparations (Fig. 2) .
With sections of whole cells (3), the relationships among periplasmic bodies, protoplasm, and the cell wall were difficult to interpret in fine detail because the protoplasmic membrane is appressed against the inner aspect of the cell wall. We have now followed the disposition of periplasmic bodies after partial or complete cell wall removal. Several periplasmic bodies appear to be anatomically free of the protoplasm, whereas others have a fine pedicel (Fig. 3A) . The membrane of attached examples is continuous with the protoplasmic membrane.
It has been of interest to observe with cells (3), and with spheroplasts, that occasional periplasmic bodies from older cells (i.e., showing many bud scars) are electron translucent, whereas their usual electron density matches that of the cytoplasm. This indicates independent lysis or degeneracy. A significant but small number of periplasmic bodies exhibited ballooning, as shown in Fig. 3B . Whether or not this occurs during fixation is unanswerable, but in any event this suggests that the membrane of periplasmic bodies may sometimes be more vulnerable to osmotic or mechanical rupture than the protoplasmic membrane. ,8-Fructofuranosidase. Digestion of 3-day cells of S. rouxii with snail enzyme followed by density gradient centrifugation has provided routine preparations of clean protoplasts suitable for further study. A set of analyses on the fl-frwctofiranosidase activity of a representative protoplast preparation, and the cells from which they were prepared, is given in Table 3 . It is clear that the enzyme remains cryptic in protoplast preparations. Further, the specific activities on a unit cell (or protoplast) basis are in close agreement. Because our protoplast preparations contain significant numbers of periplasmic bodies, we cannot make a further distinction in terms of enzyme locale.
Attempts at separation of periplasmic bodies. Several variations in density gradient centrifugation of protoplast preparations have been tried. The goal has been to achieve a fraction significantly enriched in periplasmic bodies.
Sucrose and Ficoll have been used as supports over a variety of density ranges and of gravitational fields. Pretreatments have included brief sonic disruption and addition of nonionic detergents. None has been successful to date; others are being investigated. DISCUSSION We have demonstrated that good yields of protoplasts can be generated from S. rouxii cells with snail-gut enzyme. The digestion mixture must be fortified with at least 1 M KCI and (especially for cells from certain growth conditions) preferably 2 M KCI. This is a relatively high osmolality compared with literature references (14) of 0.3 to 0.8 M KCI in connection with other yeast species. For S. cerevisiae 0.64 M KCI was shown (4) to induce incipient plasmolysis, thus rationalizing the empirical selection (6) of equivalent osmolalities for protoplasting that species. Perhaps the high requirement for S. rouxii is related to its osmotolerance, even though the cells used here were grown in conventional medium.
The primary role of KCI in the digestion medium for S. rouxii seems to be in providing isotonicity rather than, for example, some special influence of ionic strength on the cell wall. Thus 2 M sorbitol can substitute for 1 M KCI during protoplasting, albeit the rate of digestion is lowered. Further, protoplasts generated in 2 M KCI can be transferred to 2 M sorbitol without lysis. On the other hand, significant numbers of protoplasts lyse in 0.5 M KCI or 1 M mannitol, and total lysis occurs in 0.02 M KCI.
Weimberg and Orton (15) found that 2 M KCI was needed to stabilize protoplasts from S. mellis (now called S. bisporus var. mellis). S. rouxii and S. mellis are both osmophiles (11) . In contrast to the present work, nonionic solute would not substitute for KCI in connection with S. mellis (15) . We are not aware of any other critical evaluation of protoplasting requirements for osmotolerant yeasts.
The ameliorating effect of a reducing agent (in our case dithioerythritol) in digestion mixtures has been documented for a variety of yeasts (14) . Usually the requirement is most pronounced with stationary-phase cells and is unnecessary for cells in exponential phase (7 on October 28, 2017 by guest http://jb.asm.org/ cytoplasmic bodies") accompanied the formation of protoplasts. In the present work it was felt that a system independent of the snail enzyme (and perhaps independent of a sulfhydryl agent as Mann et al. [9] had found) would provide additional insight. However, a commercial preparation (teichozyme) gave only low yields of spheroplasts from S. rouxii in our hands. A very different (basidiomycetous) yeast, Rhodotorula rubra, is also resistant to this lytic system (9) . The age of cells (3 days in the present case) may also be a contributing factor.
In the present work we have shown that clean protoplast preparations of S. rouxii contain a sedimentable and cryptic /B-fructofuranosidase. Specific activities of cells and protoplasts were comparable. These results are in accord with our hypothesis that cryptic /8-fructofuranosidase must be in either the protoplasm or some membrane-surrounded organelle such as the periplasmic body. All of the pretreatments that give expression to the enzyme (2) have the common effect of membrane disruption. None of the available evidence supports the concept of a zymogen form (or of an enzyme-inhibitor complex) associated with the cell wall or the periplasmic space, because in that case the activity would then be lost to the medium upon protoplasting.
A more definitive statement on the possible association of cryptic 18-fructofuranosidase with periplasmic bodies would supposedly follow from enrichment of these vesicles by a fractionation method based on size or density. The finding that at least some of the periplasmic bodies remain attached to protoplasts by a fine pedicel may be a contributing factor to the failure of separation methods so far. The enzyme content of periplasmic bodies remains of primary interest, but the composition of their membranes would provide for an interesting comparison with the bulk of the protoplasmic membrane. This follows whatever the orgin or function of periplasmic bodies may be in Saccharomyces species. The propensity for periplasmic bodies in S. rouxii recommends protoplasts of that species for further study.
